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[57] ABSTRACT 

In a disc drive head suspension assembly, welding in- 
duced stresses and deformation resulting from welding 
a gimbal to a load beam are reduced. Apertures, pre- 
heating or compression are used to relieve residual 
stresses. 

23 Claims, 11 Drawing Sheets 
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tkm of the load beam provides stable positioning of the 
METHOD OF WELDING A HEAD SUSPENSION head in all directions in the plane of the disc surface. 

ASSEMBLY The third component of the head support and suspen- 

sion assembly is a gimbal which connects the distal end 
BACKGROUND OF THE INVENTION 5 of the load beam to the head. The gimbal is resilient in 

The present invention relates to a head suspension hcad * $ P^b and roll directions to allow the slider to 
assembly in an information storage system, such as a follow the topography of the disc which it is flying 
magnetic disc drive. In particular, the present invention over. Also, the gimbal is rigid in the yaw and in-plane 
relates to a method of reducing deformation of a load directions to maintain precise in-plane head positioning, 
beam and a gimbal induced by a welding process used 10 The head and gimbal together are often referred to as 
to join them together. the head-ghnbal assembly. 

In a magnetic disc drive, information is stored in the There has been a continual drive to increase informa- 
form of magnetically polarized bit positions on the sur- tkm storage density of disc drives. Minimum head to 
face of a rapidly rotating magnetic disc. Information is disc separation has become a critically limiting factor in 
written to the disc and read from the disc by a trans- 15 the maximum storage density attainable. Head to disc 
ducer which is mounted on an air bearing slider. Infor- separation is governed, to a large extent, by the charac- 
mation bit positions are arranged in generally concen- teristics of the head and support suspension assembly 
trie data tracks on the disci The data tracks are further and the variation of said characteristics. Unwanted 
subdivided into sectors for ease of information organi- variation of the head and suspension assembly can in- 
2atl0n * 20 duce undesirable forces and moments on the air bearing 

The transducer and air bearing slider are collectively surfaces of the sliders. The direction and magnitude of 
referred to as the head. The head Hies in close proximity the applied moments are a function of the suspension's 
(5 to 10 micro inches) to the disc's surface, precisely static attitude 

balanced between hydrodyiiamic forces developed by The static attitude is the position the bead takes in 
the slider and an applied preload spring force. 25 relation to the fastening points of the resilient end of the 

As the disc rotates, hydrodynamic drag causes a thm loadhtam when no forccs are applied to the head. The 
H ™£° l ^ V em Z?^^ ^""iH static attitude, together with the spring constant of the 

pressure under them. The high air pressure under the 30 ^^f^ Z * 
slider generates a lifting force which keeps the head f to ™ °1 T^ 8 *** c *f? ct< ^ 

suspended over the magnetic disc. tics of thehead support^ pension assembly. 

The head should be supported in a manner which . Two components of the statoc attitude are the 

allows h to pitch, roll and move perpendicularly to the mtch ** 6 rol1 static Ttiest <** 

disc surface in order to follow small irregularities of the 33 » *J angles between the plane of the disc surface and 
disc surface. In contrast, the head should be rigidly ^planeof me slider ski surface that would occur if the 
fixed in the plane of the disc surface in order to avoid ^ were not present (i.e. if no normal force were ap- 
off-track errors. phed to the head by the disc). The pitch static angle is 

A head support and suspension assembly precisely * primary determinate of the angle of the surface of the 
positions the head over the magnetic disc. The suspen- 40 relative to the disc surface and thus is critical to 
sion assembly provides a precisely controlled preload ^6 flvin 8 ° f ti* hcad - The roll static angle con- 
spring force to the head, as well as freedom of motion trols the levelness of the head's flight and the relative 
about pitch and roll axes and normal to the plane of the heights of the two slider skies and thus can also affect 
disc's surface Motion about the head's yaw axis, as well transducer's height. In addition, applied pitch and 

as in the in-plane directions is reduced, to the extent 45 ™M moments can cause extended dragging time of the 
possible, by making the support assembly rigid in those along the disc during start-up of the disc drive, 

directions. Ideally, the suspension assembly should load the head 

The support and suspension assembly which moves against the disc such that no pitch or roll moments are 
and positions the head consists of three components. applied to the head. Moments are usually created by 
The first component is a rigid support arm which pivots SO either a damaged gimbal or the natural variation of the 
on a servo spindle, firmly supporting the rest of die components due to manufacturing processes. When the 
assembly as well as precisely controlling movement of bead is loaded to the disc, the gimbal deflects to allow 
the head in a radial direction over the surface of the the removal of the pitch static angle and the roll static 
disc. angle. The gunbaTs resistance to this deflection is the 

The second component of the head support and sus- 53 direct cause of pitch and roll moments on the slider, 
pension assembly is a load beam which is attached to the These moments have been found to account for as much 
rigid support arm The proximal end of the load beam, as 90% of the variation in slider fly height, pitch atti- 
attached to the rigid support arm, is resilient in a direc- tude, and roll attitude; which in turn affects the electri- 
tkm normal to the disc surface. This resiliency is com- cal output of the transducer and the reliability of the 
bined with a preformed bend to provide a preload 60 data storage process, 
spring force. In this way, the load beam pushes the head slTKfM A p v of tup TWVPismnK 

towards the disc surface while still permitting it to SUMMARY OF THE INVENTION 

move and follow the topography of the disc. Manufacturing the components of the head suspen- 

The load beam has a rigid portion, the rigidity being tkm assembly to increasingly tight tolerances has be- 
achieved by stiffening channels or other bracing meth- 65 come problematic, especially considering their small 
ods. The rigid portion transmits the preload spring size and weight. One major concern of the manufactur- 
force to the distal end of the load beam where the gun- ing process is variation in the static attitude of the sus- 
bal and head are attached. Additionally, the rigid por- pension. It has been found that static attitude can be 
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affected by residual stresses remaining in the ghnbal and FIG. 6 is a cross sectional view of a gimbal to load 
load beam after laser welding the two together. beam weld with an aperture in accordance with the 

The residual stresses can be attributed to certain por- present invention, 
tions of prior art welding methods Prior art welding FIG. 7 shows the distal end of a load beam with a 
entails placing the surfaces of the gimbal and load beam 5 head-gimbaJ assembly attached by welding in accor- 
in contact and then projecting a laser beam pulse onto dance with another preferred embodiment of the pres- 
the outside surface of one of the components. The laser ent invention. 

beam pulse is of sufficient intensity and duration to heat FIG. 8 shows a compression forming tool with a load 
through the metal and melt both inside contacting sur- beam and head-gimbal assembly in place for relieving 
faces. The laser beam is then shut off and the metal 10 welding induced residual stresses in accordance with 
cook, forming a spot weld. the present invention. 

It has been found that contraction of the weld during FIGS. 9A-9D show compression forming of a weld 
cooling causes large residual stresses to develop in the spot to relieve residual stresses, 
weld spot and surrounding material. These residual FIG. 10 shows a welding setup for welding in accor- 
stresses have associated strains that cause the free end of 15 dance with the present invention, 
the load beam to deflect or bend, changing the static , A _ ~_ — 

attitude. DETAILED DESCRIPTION OF THE 

It has also been found that, if the weld spots are not PREFERRED EMBODIMENTS 

located exactly on the longitudinal center line of the FIG. 1 shows a portion of a disc drive 10 for storing 
load beam, then the residual strains cause the load beam 20 magnetically encoded information on a selectively mag- 
to twist as well as bend. Thus, variations in the place- netizabJe disc. Disc drive 10 includes magnetic disc 
ment of the weld spots cause variations in the static assembly 12, head suspension assembly 14, and bead- 
attitude of the suspension. gimbal assembly 16. Magnetic disc assembly 12 includes 
This invention provides a method of attaching the 25 magnetic disc 18 which is connected to spindle 20 for 
gimbal to the load beam for a head suspension assembly rotation about rotation axis 22. 
such that residual stresses in the welds are substantially Head suspension assembly 14 includes actuator arm 
less than methods currently employed. By reducing the 24 and load beam 26. Actuator arm 24 is connected 
residual stresses associated with the attachment, this between servo spindle 30 and load beam 26. Load beam 
method of welding significantly reduces the sensitivity ^ 26, in turn is connected to head-gimbal assembly 16. As 
of the static attitude of the suspension assembly to the servo spindle 30 pivots about pivot axis 32, head-gimbal 
welding process. assembly 16 swings through arc 34. As magnetic disc 18 
In a first preferred embodiment of the present inven- rotates beneath head-gimbal assembly 16, this pivoting 
tion, small holes are located in each weld spot such that motion causes head-gimbal assembly 16 to change radial 
each girobal-to-load beam weld is left with a small 35 track positions 36 over magnetic disc 18 to access vari- 
through hole near the center of the weld. This hole ous information sectors 38 on disc 18. 
allows the weld spot to cool and contract with a mini- FIG. 2 shows a more detailed view of head-gimbal 
mum of residual stress remaining in the load beam and assembly 16 connected to load beam 26 in accordance 
gimbal material. with the present invention. Head-gimbal assembly 16 
In a second preferred embodiment of the present 40 includes gimbal 28, slider 50 and a magnetic transducer 
invention, the materia] of the load beam and gimbal are (not shown) for reading from and writing to disc 18. 
preheated to a temperature substantially above room Load beam 26 has a distal end 41 and a proximal end 
temperature but still below the melting point, prior to 43 and includes bent resilient section 40 and rigid sec- 
welding. This preheating acts to reduce the amount of toon 42. Rigid section 42 includes central planar area 44 
residual stress left after the weld cools. 45 and stiffening flanges 48. The proximal end 43 is con- 
In a third preferred embodiment of the present inven- nected to actuator arm 24. The distal end 41 is con- 
tion, residual stresses are relieved after the welding nected to gimbal 28. Gimbal 28 is, in turn, connected to 
process by means of compression forming the weld. In slider 50. 

this embodiment, a forming tool is provided that com- Slider 50 has ski surfaces 52 which face magnetic disc 
presses the weld such that substantially all of the resid- 50 18 (shown in FIG. 1). When magnetic disc 18 rotates, a 
ual tensile stress of the weld is removed, thereby reduc- lifting force is generated and applied to ski surfaces 52 
ing variations in the static attitude of the suspension by bydrodynamic effects. The lifting force raises head- 
assembly, gimbal assembly 16 approximately 5 to 10 micro inches 



BRIEF DESCRIPTION OF THE DRAWINGS 



above magnetic disc 18. 

35 When head suspension assembly 14 is assembled into 

FIG. 1 is a top plan view of a disc drive in accordance disc drive 10, resilient section 40 of load beam 26 is 

with the present invention. deflected. Deflection of resilient section 40 results in 

FIG. 2 is a perspective view of a load beam con- stress in the material of resilient section 40. Since the 

nected to a head-gimbal assembly in accordance with proximal end 43 of load beam 26 is firmly connected to 

the present invention. 60 actuator arm 24, the stress in resilient section 40 results 

FIGS. 3A-3J show time variant welding phases as in a moment applied to rigid section 42 of load beam 26. 

they affect load beam to gimbal welds. The moment is transmitted through stiffener flanges 48 

FIGS. 4A-4D show a longitudinal cross section of a to head-gimbal assembly 16 where it is counteracted by 

weld spot the hydrodynamic lifting force generated under ski 

FIG. 5 shows the distal end of the load beam with a 65 surfaces 52 of slider 50. 

head-gimbal assembly attached by welding in accor- Those familiar with the art recognize that the gimbal 

dance with one preferred embodiment of the present 28 is sometimes secured to the load beam 26 by four 

invention. welds created by brief pulses of a laser beam. The laser 
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locally heats the load beam 26 and the gimbal 28 until 59 it strains the end of the load beam asymmetrically 

the two coalesce to form a weld. causing it to twist as well as bend. 

The welding process can be considered in four time It has been found that small welds reduce this prob- 

varying phases as illustrated in FIGS. 3A-3J. In the first lem, but weld size can only be reduced to a certain point 

phase, illustrated in FIG. 3A, the laser beam strikes the 5 since weld strength is vital to reliability of the suspen- 

metal materials used to form load beam 26 and gimbal sion. Also, metals with a very low coefficient of linear 

28 shown in cross section. Heat is transmitted to the expansion are very desirable. Unfortunately none exist 

metal via radiation at the wavelength of the laser beam. that also meet the strength and resistance to corrosion 

With time, the temperature in the metal rises. Also with requirements needed in a head suspension assembly, 

time, heat goes through the metal via conduction. As 10 The preferred material for a head suspension assembly 

the metal heats, it also tries to expand due to its positive is a 300 series stainless steel due to its high strength 

coefficient of linear expansion. This expansion is re- capacity, and high resistance to corrosion and magne- 

sisted by cooler material surrounding the laser beam However, this material is also considered to be a 

contact point Thus, during the initial heating phase, the very poor conductor of heat, relative to other metals, 

materia] heated by the laser beam is compressivdy 15 Th» aggravates the problem of residual stresses left 

strained as it tries to expand against the cooler sur- after the welding process because it causes a large ther- 

rounding material mal gradient between the weld and the surrounding 

In the second phase, illustrated in FIGS. 3B-3E, the «*«** ^ results in large 

material heated by the laser beam achieves a tempera- _ re^«£ stresses remaimng after the welding process is 

ture high enough to melt Once the material becomes , . _ „ _ Mlm . 4 _ 

molten i* an area 53, h softens substantially. This allows J? G J t a Z^t^Z ^ ZfJ 

the cooler surrounding material to release its compres- .{? »£""f *f%£, ^ 

rive strains and relax back. As the cooler material re- wtth a first preferred embod^ent of Represent 

forcing the molten matenal ^ bulge out m a threctton k>ad beam-to-gimbal weld spots 4«. Load beaT* 
paralle to the laser beam. This mdtmg ; and bulging aad M m welded toother by heating the 
takes place until some matenal from both the load beam T~l ^ t . . . v..— y* zZ^ m -'^i ? fi jL B _ 
26 and the gimbal 28 is melted and laser power is turned ^ 4? generally mxind ^ periphery of the aligned 
. , . , . , . „ A _. . - 30 apertures A. Care should be taken to ensure that the 
In the third phase, shown in FIGS. 3F-3H, the laser apertures A remain after welding to reduce residual 
is turned off and the weld begins to cool. Heat flows $trcsscs> With the through holes in substantially the 
radially outward from the weld into the cooler sur- center of the weld spot 46, the residual stresses resulting 
rounding material and solidification of the molten metal f rom cooling and contraction of the material surround- 
furthest from the center of the weld 53 begins As this 35 mg a nonna ] wc id MC eliminated. Rather than being 
material solidifies, and further cools it contracts as well, constrained by surrounding cooler material, as the weld 
pulling molten material from the center of the weld 53. m6 contracts, the apertures A provide an area of 
This creates a depression 55 of as much as 0.0006 inches stress re hcf Thus, the welding induced stress at the 
in the center of the weld 53. This process continues until wcld spots ^ substantially decreased, 
the weld 53 solidifies completely. 40 piQ. 6 shows a cross section of a gimbal to load beam 
In the fourth phase, shown in FIG. 3J, cooling con- we ]d go with an aperture 82 in accordance with the 
tinues and as the weld 53 cools, it attempts to contract, present invention. The material of load beam 26 and 
again due to the positive coefficient of linear expansion. gimbal 28 have been fused in region 84 by laser beam 
This contraction is resisted by the surrounding material heating. 

and, as a result, the surrounding material and the weld 43 The apertures or holes in the metal in the load beam 

53 are tensionally strained The strains can result in 26 and the gimbal 28 can either be chemically etched or 

stresses exceeding the tensile strength of the material, "drilled" through with a high power laser. The diame- 

creattng numerous microfractures. ter of the holes should be approximately equal to the 

In general, gimbal to load beam welds are not, by sum of the thicknesses of the load beam 26 and the 

design, located on the neutral bending axis 57 of a cross 50 gimbal 28, both for ease of etching and to prevent the 

section taken perpendicular to the longitudinal center holes from closing up during welding. Thus, the diame- 

bne 59 of the suspension at the location of each weld 53. ter of the holes must be optimized for given thicknesses 

Rather, welds are typically located at other points of load beam 26 and gimbal 28 as well as for a given 

roughly along the longitudinal center line. The residual laser wavelength and power density, 

strains left in each weld 53 can therefore significantly 55 Unequal diameter holes in the load beam 26 and gim- 

bend the end of the load beam if the welds are not lo- bal 28 may be advantageous during welding. For exam- 

cated on the neutral bending axis. pie, if the component nearest the laser (either the load 

This bending, which occurs during the fourth phase beam 26 or gimbal 28) is provided with a hole larger in 
of the welding process, in shown in FIGS. 4A-4D diameter than the component on the far side of the laser, 
which show load beam 26 and gimbal 28 in cross section 60 the tar side component can be heated during welding by 
taken at an angle perpendicular to the cross section both the laser and heat conduction from the upper corn- 
shown in FIGS. 3A-3J. As weld 53 cools and the sur- ponent This allows efficient heating, 
rounding material attempts to contract, the resulting The through holes etched into load beam 26 and 
stresses cause bending at the weld spot 53. gimbal 28 may be conical frustnims if different diameter 

Furthermore, gimbal to load beam welds are not, due 65 holes are present on photoresist artwork applied to each 

to natural manufacturing variations, located exactly side of prefetched metal sheet stock used to manufac- 

about the longitudinal center line 59 of the suspension. ture load beam 26 and gimbal 28. Also, the through 

If the weld is not located on the longitudinal center line holes etched into the components need not be circular 
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but can be elliptical, square, triangular, star, slotted, or region, the tensile stresses that were induced during the 
any other convenient shape. cooling of the weld are rapidly diminished. 

The welding of the load beam 26 to the gimbal 28 can Enough force should be used so that after the ham- 
be done either by using a laser with a beam substantially mer 72 is lifted and the suspension assembly 34 is re- 
larger in diameter than the diameter of the through 5 moved from the tool, no residual stress is present in the 
holes, or by using a laser beam with a small diameter material surrounding each weld. One indication of the 
and orbiting it around the outer diameter of the through lack of residual stress is that the load beam emerges 
holes to produce a seam weld. from the forming tool as straight as it was before weld- 

FIG. 7 shows the distal end 41 of load beam 26 to m 8- Care should be taken so that the force applied by 
which gimbal 28 is welded in accordance with a slightly 10 the hammer 72 does not cause compressive stresses in 
different embodiment of the present invention. Aper- the suspension material. 

tures are etched in gimbal 28 at weld spots 46 prior to The working surfaces of the hammer 72 and anvil 74 
welding. A laser beam (not shown) is then impinged *** madc of & material with a higher tensile stress than 
upon gimbal 28 and load beam 26 at the weld spots 46 to tbat of ^ c suspension material of load beam 26 and 
melt the gimbal and load beam material proximate weld 15 fiM>al 28. Suitable materials for the hammer 72 and 
spots 46. Care is taken to ensure that the apertures in 74 include monocarbide, titanium carbide, and 

gimbal 28 remain open after welding to reduce residual others. These materials have a Rockwell A hardness of 
stresses. Although the through boles do not extend 85-95, tensile strength of 200-300 kpsi and modulus of 
through both the gimbal 28 and load beam 26, the redd- elasticity of 80- 100 MpsL 

ual stresses associated with the weld are still substan- 20 M The working surfrce of the anvil 74 should be ground 
tally reduced "** to less ***** 0.0003 inches. The working surface of 

FIG. 8 shows a compression forming tool 70 for the hammer 72 is flat except for a small circular mesa 78 
relieving residua] stresses induced by welding in accor- f the location of each^bal-tc^oad beam weld spot 
dance with a third preferred embodiment of the present „ w OTC ^ Tf 35 78 COold be replaced with henu- 
invention. The forming tool includes a hammer 72, an 25 ^es, corneal frustrums, tetrahedrons, or any other 
anvil 74, and locating pins 76. The hammer has mesas 78 shz ^' 1 ? c of each mesa 78 is substan- 

for bearing against the weld spots 46 in the load beam 26 ^/tS^ 

and gimbal 28 height of each mesa 78 should be between 0.0005 

ttS^L**! —.h 41 *u« i^^i *~ »,t.:_i. ^« and 0.0050 inches. Each mesa 78 should be of equal 

Tbt ^stalend « ofthe load beam 26 to which gim- Toe -best rlf* plane of the coUective mesasur- 

bal 28 has been welded, is shown precise y positioned ^ Md fc ^ to the worldng^aceof the 
on anvil 74 by locating pins 76. By applying compres- MV fl 74 withm oS bchei 

TJ° T V^ X ^ W ln t<™ ^^X^ g ^nn^U the thickness of the 

r^ y "S** ""pension material, its composition, and other proper- 

^^on assembly 3 5 ties vary unpredictably witmTpredictable limite. This 

l« n ? F1GS ' 9A ? D J?"* the undesirable affect of chaotically changing the 

load beam 26, gimbal 2^hammer 72 and anvil 74 are unaanl 0 f residual stress created during weldmg with 
shown m cross sectionjne hammer 72 * lowered on change in material lot Consequently, the amount 

^ 28 ««d posmoned so that mesas 78 bear against of forcc applicd by Ac hammer 72 in the forming tool 
weld spots 46. The force applied by mesas 78 projecting 40 should ^ correspondingly adjusted. Statistical process 
from hammer 72 is sufficient to reheve residual stresses methods are needed to determine the required 

m the gimbal 28 and load beam 26 proximate weld spots compression force and desired adjustments. Residual 

' , m . ^ stress can be accurately inferred from measurements of 

Compression forming of the weld spots 46 can be 1^ ^ytam straightness. 
accomplished by placing the suspension assembly 14 in 45 in another preferred embodiment of the present in- 
the forming tool after load beam 26 is welded to gimbal vention, preheating is used to reduce welding induced 
28. The suspension assembly 14 is oriented in the form- stresses that result in deformation of the head suspen- 
ds *»> such . **" surfacc of * c Portion of load ton assembly. Preheating the material in the area of 
beam 26 or gimbal 28 that was exposed to the welding we ld spots 46 prior to weldmg reduces the thermal 
laser is also exposed to the hammer 72. The hammer 72 50 gradient resulting from poor thermal conductivity of 
is loaded against the suspension assembly 74 relatively the suspension material and typical laser beam pulse 
slowly so as to prevent unwanted shock. Once in welding methods. The thermal gradient can be reduced 
contact with the suspension assembly 14, the hammer 72 if the load beam 26 and gimbal 28 are preheated to a 
is urged into the suspension's weld spots 46 with a force temperature substantially above room temperature, but 
of approximately 100 to 1000 pounds. During produc- 55 still below the melting point of the suspension material 
tion runs, the amount of force applied to the hammer 72 prior to welding. Preheating benefits can be realized 
in the compression forming tool should be continually regardless of whether apertures are formed in load 
adjusted by inferring residual stresses from load beam beam 26 and gimbal 28. Preheating benefits can also be 
static angle measurements and adjusting the force ac- realized by heating the entire suspension assembly 14, or 
cordingly. 60 just the suspension material that surrounds the weld 

As force is applied by the hammer 72, a cylindrical spots 46. 
body of suspension material formed of solidified load However, the entire suspension assembly 14 need not 
beam and gimbal material at the location of each gimbal be preheated. In met, it is actually impractical to do this, 
to load beam weld 46 is compressed between the ham- Preheating the entire suspension assembly 14 would 
mer 72 and the anvil 74. Since this suspension material 65 require an oven soak of the suspension components as 
has a non-zero Poisson's ratio, it deforms radially out- well as the weld clamping fixtures. This would add 
ward, urging material into the region surrounding the considerably to the time required to manufacture the 
weld 46. As material is urged toward the surrounding suspension and create problems with handling the parts 
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safely. Moreover, the temperature rise that an oven can 2. The method of claim 1 wherein the gimbal aperture 

practically furnish is only a few hundred degrees Fahr- and the load beam aperture have perimeters of different 

enheit, where as the melting point of 300 series stainless size. 

steel is approximately 2600* Fahrenheit Hence, only a 3. The method of claim 1 wherein the step of forming 

slight reduction in the thermal gradient could be real- 5 a gimbal aperture comprises: 

ized with oven preheat forming a plurality of gimbal apertures extending 

Therefore, the preferred method of preheating is through the gimbal. 

accomplished by dwelling the laser on the weld spots 46 4. The method of claim 3 wherein the step of forming 

at low power. In order to actually form the welds, a a load beam aperture comprises: 

laser power of approximately 10 Kw/cm is applied to 10 forming a plurality of load beam apertures extending 

the suspension material for approximately two to four through the load beam. 

milliseconds. By dropping the power by, for example, a 5. The method of claim 4 wherein the step of placing 

factor of ten, and by increasing the time to 20 to 100 comprises: 

mill i seco nd s , load beam 26 and gimbal 28 are heated in placing a surface of the gimbal in contact with a 

a manner that causes some of the heat to beneficially 13 surface of the load beam so that the plurality of 

flow radially outward in the suspension material away gimbal apertures are aligned with the plurality of 

from the weld spots 46. At the end of the preheat phase, load beam apertures to form a plurality of pairs of 

a brief high power laser pulse is sent to the weld spot 46 aligned apertures, each pair of aligned apertures 

to weld the load beam 26 to the gimbal 28. This substan- having a circumferential periphery, 

tially decreases the thermal gradient in the suspension 20 6. The method of claim 5 wherein the step of welding 

materia] prior to welding. Thus, the amount of welding comprises: 

induced residual stress developed in the suspension welding the gimbal to the load beam at a plurality of 

material is substantially reduced. weld spots, each weld spot positioned proximate 

One preferred method of preheating is to preheat the the circumferential periphery of a pair of aligned 

suspension material and weld with the same laser. How- apertures so that each weld spot has a weld aper- 

ever, in other cases, as shown in FIG. 10, it may be ture extending therethrough, 

advantageous to use two lasers. One laser, laser A, pre- 7. A method of making a suspension assembly in a 

heats only, and its wavelength, power, and spot diame- magnetic disc drive, the suspension assembly including 

ter are optimized for low temperature heating. The ^ a head, a gimbal for supporting the head, and a load 

other laser, laser B, welds only, and its operational setup beam for supporting the gimbal, the method compris- 

is optimized for high temperature heating. ing: 

By using mirrors such as half silvered mirror 90 and placing a surface of the gimbal in contact with a 

mirror 92, efficient welding can be achieved. Also, FIG. surface of the load beam; 

10 shows a setup for welding two workpeices at once. 33 laser beam welding the gimbal to the load beam at a 

The laser power versus time curve need not always weld spot; and 

be a step function but could, for example, be a ramp forming an aperture extending through at least one of 

function. In some cases, it may be necessary to post-heat the gimbal or the load beam, the aperture having a 

the weld. This would slow the cooling rate and perhaps circumferential periphery, to reduce residual 

reduce the number of microfractures formed within the 40 stresses and associated strains induced in the sus- 

weld, resulting in a substantially stronger weld. pension assembly which cause the load beam to 

Although the present invention has been described deform by the step of laser beam welding, 

with reference to preferred embodiments, workers 8. The method of claim 7 wherein the step of forming 

skilled in the art will recognize that changes may be an aperture comprises: 

made in form and detail without departing from the 43 forming at least one gimbal aperture extending 

spirit and scope of the invention. through the gimbal and having a perimeter. 

What is claimed is: 9. The method of claim 8 wherein the step of forming 

1. A method of making a suspension assembly in a an aperture further comprises: 

magnetic disc drive, the suspension assembly including forming at least one load beam aperture extending 

a head, a gimbal for supporting the head, and a load 30 through the load beam and having a perimeter, 

beam for supporting the gimbal, the method compris- 10. The method of claim 9 wherein the step of placing 

ing: comprises: 

forming a load beam aperture extending through the placing a surface of the gimbal in contact with a 

load beam and having a perimeter; surface of the load beam so that each of the gimbal 

forming a gimbal aperture extending through the 55 apertures is aligned with each of the load beam 

gimbal and having a perimeter; apertures to form pairs of aligned apertures, the 

placing a surface of the gimbal in contact with a pairs of aligned apertures each having a circumfer- 

surface of the load beam so that the gimbal aper- ential periphery. 

ture is aligned with the load beam aperture to form It The method of claim 10 wherein the step of weld- 

a pair of aligned apertures, the pair of apertures 60 ing comprises: 

having a circumferential periphery; and impinging a laser beam on a weld spot proximate the 

welding the gimbal to the load beam by impinging a circumferential periphery of each of the pairs of 

laser beam on a weld spot positioned proximate the aligned apertures. 

circumferential periphery of the pair of aligned 12. The method of claim 7 wherein the step of per- 

apertures so that the weld spot has a weld aperture 65 forming a stress reducing step comprises: 

extending therethrough to reduce stress induced preheating a selected area of the surfaces in contact to 

strains in the material surrounding the weld spot reduce formation of a thermal gradient in the se- 

which cause the load beam to deform. lected area. 
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13. The method of claim 12 wherein the step of laser 17. The method of claim 16 wherein the step of apply- 
beam welding comprises: ing a compressive force comprises: 

laser beam welding the surfaces in contact in a sub- placing the weld spot between a hammer and an 

stan ti ally central portion of the preheated selected anvil; and 

area while the preheated selected area is at an ele- 5 urging the hammer toward the anvil to apply the 

vated temperature. compressive force to the weld spot 

14. The method of claim 12 wherein the step of per- 18. The method of claim 17 wherein the step of plac- 
forming a stress relieving step comprises: m 8 the weld spot between a hammer and an anvil com- 

applying a compressive force to the weld spot in a prises: 

direction substantially perpendicular to the sur- 10 Dlacm S Ac wdd «P°* between the anvil and mesas 

faces in contact, the compressive force having a projecting from the hammer, 

magnitude sufficient to reduce welding induced ^ method of claim 18 wherein the step of 

residual stresses in the gimbal and the load beam. wpog the hammer toward the anvil comprises: 

15. The method of claim 14 wherein the step of apply- ur * in * *• h * mmer toward the anvil so that the mesas 
ing a compressive force comprises: 15 projecting from the hammer contact the weld spot 

placing the weld spot between a hammer and an and XmsfeT compressive force to the weld 

anvil; and spot 

urging the hammer toward the anvil to apply the . . » The method of claim 17 wherein the step of weld- 

t^T P ^!f ^"J 0 ***** «. 20 " weWn?tne' gimbal to the load beam at a plurality of 
16 A m f SO L° i m f Vmg 8 su ?P« Maon m a weld spots^n the surfac^^tact 
magnetic disc drive, the suspension assembly including M Th« m^thnH «f ^^^^k^^TkT «*~s 
a head, a gimbal for suptartmTthe head, and a load ♦ » cth ^ clarm 20 wherein the step of plac- 
, "7 ? ~J ™pi>viiiMi& i«c *nu a icao mg the weld spot between a hammer and an anvil corn- 
beam for supporting the gimbal, the method compns- prises; 

mg: . . . . . . _ , .. 25 placing the plurality of weld spots between the anvil 

placing a surface of the gimbal m contact with a and a plurality of mesas projecting from the ham- 
surf ace of the load beam; mer wherein each mesa is aligned with a weld spot 
weldmg the gimbal to the load beam at a weld spot on 22. The method of claim 21 wherein the step of apply- 

the surfaces in contact; and ing a compressive force comprises: 

applying a compressive force to the weld spot in a 30 urging the hammer toward the anvil so the plurality 

direction substantially perpendicular to the con- of mesas transfer the compressive force to the weld 

tacting surfaces, the compressive force having a spots. 

magnitude sufficient to reduce welding induced 23. The method of claim 16 wherein the step of apply- 

residual stresses in the weld spot and welding in- ing a compressive force comprises: 

duced strains in the material surrounding the weld 35 applying a compressive force having a magnitude in 

spot in the gimbal and the load beam which cause the range of approximately 100 to 1000 pounds, 

the load beam to deform. " • * * • * 
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